Aluminum mirrors were freshly fabricated under optimum conditions protected with MgF 2 at various deposition rates which evaporated by e-beam. All the samples were deposited on fine polished fused silica substrate. The reflectance results were measured by Mcpherson Vuvas2000 spectrometer in DUV/VUV spectral region from 150nm to 350nm. The highest reflectance is chosen to 210nm, and the point of 160nm is also very important for the project, so the results of two points are detailed presented. The highest average reflectance is about 86.76% with the MgF 2 deposition rate at 1.2nm/s. The effects of aging on the reflectance of the MgF 2 protected aluminum mirrors are discussed.
INTRODUCTION
The DUV/VUV wavelength region from 150nm to 350nm is widely used to monitor the atmosphere environment, vertical distribution of the total quantity of the ozone, radiance of the UV from solar and so on [1] - [3] . The performance of the instrument is greatly influenced by the reflectance of the mirrors mounted in the optical system. MgF 2 coating is a kind of protective coating of aluminum in the DUV/VUV, this mainly because it could prevent the formation of a layer of Al 2 O 3 , which absorbs strongly in the operational wavelength, therefore, greatly decreases the reflectance of aluminum at shorter wavelength. The optimum evaporation conditions for preparing MgF 2 protected aluminum layers with high reflectance in the DUV/VUV wavelength region have been described in the original publications [4] - [8] . This paper discusses the results of further investigations concerning the preparation, test method and reflectance of MgF 2 -overcoated aluminum mirrors and presents data on their aging during storage in the laboratory atmosphere condition.
EXPERIMENTAL AND TEST METHOD

Experimental
A box-type vacuum chamber which equipping with electron-beam gun, heat boat and Kaufman ion source are applied to the work. The detail configuration of the chamber is shown in Figure 1 .
All the samples were deposited on the fine polished fused silica substrates. The vacuum chamber base pressure was pumped down to a base pressure of 6×10 -4 Pa. The Kaufman ion source was applied to assist the process at the beginning, argon was introduced into the source as working gas and the flow rate was 15sccm, the screen voltage was 600V and the ion current was 50mA, respectively. The high energy ions bombarded the substrate surface for 10 minutes to improve the adherence of the coatings, and then the Kaufman ion source was shut down. To achieve the high reflectance of the aluminum coating, especially in the DUV/VUV wavelength region, the deposition rate of aluminum must be very high, in this work, the deposition rate was about 3nm/s with heat boat evaporation, and the thickness was kept constant as 100nm. The thickness of the MgF 2 coating was around 40nm which evaporated by e-beam gun at various deposition rates from 0.1nm/s to 2nm/s. The thickness and the deposition rate of each layer were monitored by MAXTEK MDC-360C crystal deposition controller. 
Test method
Mcpherson Vuvas2000 UV spectrometer was used to measure the samples in this work, the schematic setup is shown in Figure 2 . The light source is a 30W deuterium lamp (1) with a MgF 2 window permitting an operational range of 120nm to 380nm. The mirror (2) is a light source condenser. It uses a first surface optical design to focus the source energy to the entrance slit (3) of a scanning monochromator to illuminate the grating (4). The diffractive light converges at the leaving exit slit (5), it is collimated by two cylinder mirrors (6) , and then the light converts to parallel light. After modulating by the transmitted/reflective modulating fan (9), the transmitted light enters the main optical path, and the reflective light enters the referenced optical path. The detector in the main optical path (8) can rotate in a plane to receive the reflective light from the sample (7), meanwhile the configuration of the detector in the referenced optical path is the same as (10). Due to the operational wavelength range covers DUV/VUV region, the whole measuring system is sealed in high vacuum condition. Addition to eliminate the deviation of the light source attenuation, the referenced optical path is introduced to increase the test accuracy.
RESULTS
Testing results
The substrates are fine polished fused silica glass, after Kaufman ion source bombarding the substrates with Ar + , the deposition starts at around 30℃ of the substrates. Effect on the reflectance with the variation of the MgF 2 deposition rate is quite evident, the average reflectance at a rate of 1.2nm/s is around 5.4% higher than a rate of 0.1nm/s in the wavelength range 150nm to 350nm. The difference becomes greater in the short wavelength region from 150nm to 220nm which is shown in figure 3 . Due to the loose structure of the MgF 2 coating which forms at 0.1nm/s, oxygen is easy to combine with the aluminum coating and, a thin Al 2 O 3 layer absorbs greatly, especially in shortwave range. The effect of MgF 2 deposition rate on the reflectance of 160nm and 210nm of aluminum coated with 40nm of MgF 2 is shown in figure 4 . The reflectance of 160nm slowly rises with increasing MgF 2 deposition rate from 72.37% for a MgF 2 coating deposited at 0.1nm/s to a maximum of 83.22% for a MgF 2 coating deposited at 1.2nm/s, as the MgF 2 deposition rate continues to rise, the reflectance gradually decreases. The reflectance has dropped down to 75.05% at the highest deposition rate of 2.0nm/s. Higher deposition rate, up to 1.2nm/s, provides more energy of the evaporative MgF 2 , it leads to form the higher purity and compact coating. The decrease in reflectance for the MgF 2 coating deposited rate over 1.2nm/s is probably attributed to the decomposition of the MgF 2 which extreme high temperature is required to obtain the higher deposition rate.
The reflectance of 210nm has similar varying trend with 160nm, yet, the reflectance doesn't significantly influence by the deposition rate rising from 0.5nm/s to 1.6nm/s. This may be caused by the slight optical constant change of MgF 2 during this deposition rate range. 
Aging results
The aluminum mirrors protected with MgF 2 coating which evaporated at 1.2nm/s didn't present any significant degradation during the storage in laboratory atmosphere. Table 1 lists the 12 months aging results. After a long-term storage in ambient air, only around 3% degradation of the reflectance of 160nm is exhibited, and no more than 1% change of the reflectance of 210nm is observed, in sequence, the average reflectance just drops 2.2% down. These results fully meet the requirements, and prove the MgF 2 protected aluminum mirrors with e-beam evaporation are very stable even storage in normal condition.
CONCLUSIONS
The reflectance of aluminum mirrors with MgF 2 protecting which evaporated by e-beam were fabricated at various deposition rate from 0.1nm/s-2nm/s, the results have indicated that the reflectance in the DUV/VUV wavelength region are strongly affected by the deposition rate of MgF 2 . The reflectance increases with the MgF 2 deposition rate from 0.1nm/s to 1.2nm/s, and the highest average reflectance from 150nm-350nm is about 86.76% at 1.2nm/s, meanwhile, the reflectance of 160nm and 210nm are about 83.22% and 87.05%, respectively. The reflectance gradually decreases with increasing the MgF 2 deposition rate up to 2.0nm/s. The aging results demonstrate that the aluminum mirrors protected with MgF 2 evaporated at 1.2nm/s still have a significantly high reflectance after a long-term aging.
